Background: We investigated the influence of a botanical agent to improve sleep quality and associated measures in men and women with self-reported difficulty sleeping. Methods: 32 individuals were randomly assigned in double blind manner to ingest a botanical agent (CLOCK®, containing Rosemary [Rosmarinus officinalis] and Daylily [Hemerocallis fulva]) or a placebo over a 6-week intervention. During weeks 1 and 2, subjects ingested one serving of the assigned condition, followed by a two-week washout. During weeks 5 and 6, subjects ingested two servings of the condition. The Leeds Sleep Evaluation Questionnaire was used as an outcome measure, as were subjective measures of sleep quality, energy level, and mood. Blood samples collected pre-and post-intervention were assayed for acetylcholine (ACH), brainderived neurotrophic factor (BDNF), irisin, and melatonin. Results: No differences were noted between conditions in measures of sleep (p > 0.05). While no differences of statistical significance were noted in subjective feelings, during weeks 5 and 6 as compared to baseline, subjects assigned to the supplement noted an 8% increase in attentiveness, an 11% increase in alertness, a 12% increase in focus, a 14% increase in feeling energetic, a 12% increase in enthusiasm, a 23% increase in feeling well rested, an 11% decrease in feeling sluggish, and a 16% decrease in feeling depressed, without the same improvement observed for subjects in the placebo group. All biochemical measures were increased from pre-to post-treatment with two servings of the supplement; the largest percent increase noted for BDNF (27%) and the largest effect 1308 mood, with a significant impact on the biochemical marker, BDNF. Future studies using a larger sample size and perhaps a cross-over design may help to further clarify the impact of this dietary supplement on aspects of sleep quality, mood, and other related variables.
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Introduction
Impaired sleep quality is common among adults with an estimated 50 -70 million Americans alone claiming poor quality of sleep [1] , many of whom use prescription sleep aids [2] . And while prescription drugs are frequently used to aid sleep, aside from melatonin [3] , very few dietary supplements with supportive scientific research are currently marketed for this purpose.
A careful review of the literature indicates that certain botanical agents may have promise for improving sleep quality and related health-specific variables. In particular, both Rosemary (Rosmarinus officinalis) and Daylily (Hemerocallis fulva) have been reported to offer benefits. Rosemary is an evergreen branched shrub, naturally occurring primarily around the Mediterranean Sea. The leaves are commonly used as a food additive. The plant has also been traditionally used as an herbal treatment for many conditions [4] . Studies have shown that Rosemary has powerful antioxidant properties [5] , and anti-proliferative benefits [6] . Rosemary has been used frequently in traditional medicine as a nonprescription aid for depression [7] [8] . It has been shown that Rosemary has a similar effect to fluoxetine [9] , which falls in the SSRI class of antidepressants. More recently, research has shown Rosemary to have an anti-insomnia effect in individuals suffering with opium withdrawal [10] . Further study is needed to examine the possibility of these effects, as well as others, in individuals with non-addiction related sleep difficulties.
The Hemerocallis fulva species of daylily is a perennial plant naturally found in China, Japan, and Korea. Daylily has been used to treat a wide variety of conditions such as jaundice, hemorrhoids, insomnia, and depression. More recently, the plant has been shown to strongly inhibit lipid peroxidation [11] , and to have anti-proliferative effects in colon cancer cells [12] . Previous research on animal models has shown Daylily to increase slow-wave sleep during the dark period of the light cycle with no change during the light period [13] . Daylily has been shown to act by increasing the levels of serotonin, dopamine, and norepinephrine in several brain regions [14] .
Recently, the dietary supplement called CLOCK®, a combination of Rosemary and Daylily, has been evaluated in a small pilot study, with promising outcomes related to the quality of nightly sleep (unpublished findings) and associated changes in mood (e.g. increased vigor, enthusiasm) and cognition (e.g. focus and clarity of thinking). The combination of the two ingredients may help to improve sleep quality and associated health benefits (e.g. enhanced mood and relaxation during the waking hours). Interestingly, both Rosemary and Hemerocallis extracts have demonstrated to significantly modulate the expression of circadian clock proteins in C6 animal brain glioma and IPEC-1 cells [15] . Hence, these botanicals may be used as a new approach to improve sleep quality. Moreover, it has been hypothesized that these agents may impact chemicals such as acetylcholine (ACH) and brain-derived neurotrophic factor (BDNF), which may be at least partly responsible for the positive changes observed in mood and cognition (e.g. clarity of thought) following use of the supplements.
In the present study, the combination treatment of Rosemary and Daylily was compared to a placebo condition in men and women with self-reported difficulty sleeping.
In this initial trial, we evaluated several variables including sleep quality, mood and associated measures, and biochemical markers of cognitive health.
Methods

Subjects and Screening
A total of 32 healthy men and women with self-reported difficulty sleeping were enrolled in the study. As this was an initial proof of concept (i.e. pilot) study, there was no power analysis performed. We simply did not have the data for which we could estimate the potential effect size, therefore we included the number of subjects that we believed would be appropriate to generate initial pilot data. Moreover, the sample size of 32 is similar to other study designs in the areas of botanical supplementation. The study data could then be used to help design future studies using this combination of botanical agents. The criteria below were used for study inclusion/exclusion: To be eligible, subjects needed to have a total score of ≥8 on the Insomnia Severity Index [16] and report at least one of following: Routine difficulty falling asleep (cannot get to sleep within 30 minutes); frequent waking (≥2 times) during the night; routine experience of having bad dreams; restless sleep (e.g. tossing and turning throughout the night); awakening in the morning feeling tired. It should be noted that our objective was not to enroll those with clinically diagnosed insomnia, but rather, to include those with selfreported difficulty sleeping (with impaired overall sleep quality). We simply used the Insomnia Severity Index as one component of our screening and accepted a relatively low score to allow for subject inclusion. That said, the average score of subjects was close to 16, indicating that many had poor overall sleep quality, although were not using prescription medication for diagnosed insomnia. Subjects could not have a BMI > 40 kg/m 2 , since morbid obesity is known to negatively impact sleep quality [17] . Subjects could not be using dietary supplements designed to improve sleep quality or dietary supplements designed to increase energy. In addition, they could not be using off-the-shelf or prescription medications for purposes of improving sleep quality. They could not be using any other sleep aids. Subjects needed to be non-smokers, and women could not be pregnant or nursing. Subjects could not be consuming alcoholic beverages at a quantity greater than 3 drinks per week. Subjects were recruited by use of re-cruitment flyers posted in the Memphis area, in addition to word of mouth recruiting (e.g. snowball sampling), email messages, and presentations to various groups thought to contain potential candidates.
A health history, medication and dietary supplement usage, and physical activity questionnaire was completed by all subjects to determine eligibility. Women were required to take a urine pregnancy test to confirm that they were not pregnant. Prior to participation, each subject was informed of all procedures, potential risks, and benefits associated with the study through verbal and/or written form in accordance with the procedures approved by the University of Memphis Institutional Review Board for Human Subjects Research. Subjects provided written informed consent prior to being admitted to participate.
Initial Laboratory Visit: Screening Visit
During the initial visit to the laboratory, subjects completed the informed consent form, health history and physical activity questionnaires. Subjects' heart rate and blood pressure, height, weight, waist, and hip circumference were measured. Upon completion of the screening, subjects were scheduled for their initial testing visit.
Conditions
Subjects were equally and randomly assigned in double-blind manner to one of two conditions. 1) Placebo (rice bran powder: one capsule (500 mg each) nightly for weeks 1 -2; two capsules nightly for weeks 5 -6); or 2) Supplement (one capsule (500 mg each) nightly for weeks 1 -2; two capsules nightly for weeks 5 -6). IN-Ingredients, (Columbia, TN, USA) provided the supplement (CLOCK®), containing a proprietary blend of Rosemary (Rosmarinus officinalis) and Daylily (Hemerocallis fulva) standardized to ursolic acid. Both supplement and placebo capsules were produced by a contract manufacturer and were of near identical appearance. Capsules were distributed to subjects in unlabeled bottles, with a known quantity of capsules in each bottle. A total of 16 subjects were assigned to each group: 6 men and 10 women were assigned to the placebo, while a total of 6 men and 10 women were assigned to the supplement. Women subjects started the protocol during the initial week of their menstrual cycle in order to control for potential changes in estradiol and other variables across the cycle-as variables related to mood may have been impacted. Although both men and women were enrolled in the study, there were no attempts made to compare the results between genders, as the sample size was simply too small and this was not one of the purposes for this initial work.
Subjects were instructed to ingest the capsule(s) one hour prior to bedtime; ingest the capsule(s) at least 2 hours following their last meal; then turn in their capsule bottle at the end of week 2. The same bottle was provided back to subjects at the start of week 5.
A two-week washout period was included during weeks 3 and 4, in which subjects did not consume any capsules (placebo or supplement). Knowing the number of capsules contained within each bottle, capsule counting upon bottle return was then used to de-termine compliance of intake.
Assessment
Subjects reported to the lab on four different days (over the course of the 6 week period:
At baseline and at the end of weeks 2, 4, and 6). The time of day for lab reporting was standardized for each subject across the days of testing and occurred during the early morning hours (i.e., 6 am -8 am). Data were collected as indicated below.
1. Heart rate (using an automated unit).
2. Blood pressure (using an automated unit).
3. Respiratory rate (via counting for 60 second period).
4. Blood sample (approximately 7 mL of blood was collected via venipuncture).
5. Questionnaire related to mood and energy level (using a 10-point scale where 0 = none and 10 = extreme). The words provided to subjects were anchored with a 0 and 10. Subjects then indicated the degree to which they "felt" each of these descriptors.
6. Open ended subject comments pertaining to their sleep quality (subjects were asked to describe their overall quality of sleep over the past two weeks, including items such as ease of falling to sleep, frequency of waking at night, tossing and turning during the night, ease of arising in the morning, and energy level upon rising).
In addition to the above laboratory measures, the Leeds Sleep Evaluation Questionnaire [18] was completed on the morning of days 4, 5, 6, and 7 of weeks 2, 4, and 6. Rather than simply have subjects complete the questionnaire in reference to one night, we included four consecutive nights in an attempt to better capture subjects' overall sleep quality and related measures. The average values across days 4 -7 for each week and for each category of the Leeds Questionnaire was then used in the data analysis. In addition, subjects were asked to rate each morning, the quality of sleep during the prior night and to rate each evening, the quality of the day, in terms of energy level. This was done using a sleep diary and the values were recorded both in the morning and the evening of every day for the entire 6 weeks. Subjects used the following scale to record their ratings: 1, very bad; 2, bad; 3, fair; 4, good; 5, very good. The average scores for each set of two weeks were calculated and used in the data analysis.
Dietary Records, Physical Activity, and Sleep Conditions
All subjects were instructed to consume their usual diet throughout the study period and to record all food and drink consumed during the 3 days prior to each test day. Diet records were analyzed for nutrient intake using computer software (Food Processor Pro, Esha Research; Salem, Oregon). Subjects were instructed not to consume alcohol after 7:00 pm or during the 48 hours prior to each test day. Subjects were also instructed not to consume caffeine after 2:00 pm each day. Subjects were instructed to continue with their usual program of physical activity throughout the study period. Finally, subjects were asked to make no changes in their sleep conditions throughout the study period, which would include a change in mattress, pillow, bedding, soundmachine, or other supportive sleep aids. No data were collected related to physical activity or sleep conditions.
Blood Collection and Biochemical Analysis
Blood was collected from an antecubital vein. Following collection, samples were processed accordingly and the plasma was stored at −70˚C until analyzed. The human enzyme-linked immunosorbent assay (ELISA) kits for ACH and BDNF were obtained from ABCAM (Cambridge, MA). The ELISA kit for irisin was obtained from Phoenix Pharmaceuticals (Burlingame, CA), while the ELISA kit for melatonin was obtained from antibodies-online.com (Atlanta, GA). Procedures followed the manufactures' guidelines and all samples were assayed in duplicate. Due to our inability to collect blood samples from some subjects for specific reasons (e.g. subjects' fear of needles, difficulty obtaining blood), samples were not available for three subjects in the placebo condition and two subjects in the supplement condition.
Statistical Analysis
The data were analyzed using a condition x time repeated measures analysis of variance, using all time points of data collection in the overall model. We opted to perform the analysis in this manner, so as to consider any differing effects of a single or double dosage of the assigned condition. Effect sizes were calculated using Cohen's d.
The data are presented as mean ± SE. Statistical significance was set at p ≤ 0.05.
Results
All thirty-two subjects successfully completed the protocol. Compliance to capsule intake for subjects assigned to the supplement and placebo was noted to be 96% and 98%, respectively, with no statistically significant difference noted (p > 0.05). No adverse outcomes were noted with treatment and all subjects tolerated the treatment well, although the following comments were noted from some subjects: one subject reported feelings of weakness, one subject reported abdominal discomfort, one subject reported increased irritability, and eight subjects reported lethargy, with seven of these being in the supplement group.
Subject characteristics are presented in Table 1 , with no statistically significant differences noted between conditions (p > 0.05). Caffeine intake was higher (p = 0.03) for placebo (244 ± 63 mg) compared to supplement (102 ± 16 mg). Data for heart rate, blood pressure, and respiratory rate are presented in Table 2 . No interaction effects were noted, nor were there any differences between conditions or across time for any measure (p > 0.05). Subjective mood and energy levels were not impacted by treatment across time in a statistically significant way, as can be seen in Table 3 week 2 and week 6 (Table 3) . During weeks 5 and 6 when subjects were assigned double dosage, subjects assigned to the supplement reported an 8% increase in attentiveness, an 11% increase in alertness, a 12% increase in focus, a 14% increase in a feeling of being energetic, a 12% increase in enthusiasm, a 23% increase in feeling well rested, an 11% decrease in feelings of sluggishness, and a 16% decrease in feeling de- Table 5 . There existed no differences of statistical significance for either measure (p > 0.05).
Subjects also provided open-ended comments pertaining to their quality of sleep over the prior two weeks and these were similar for both conditions. Values are mean ± SE. Note: Data collected during days 4, 5, 6, and 7 of weeks 2, 4, and 6. The average values for each 4 day period were used in data analysis and are presented above. During weeks 3 and 4, subjects did not ingest any supplement or placebo capsules. *Time effect for "Awake Following Sleep" (p = 0.007), which considers the entire group in the analysis; Values higher at the end of weeks 2 and 6 as compared to week 4. No other differences of statistical significance were noted for any variable (p > 0.05). Quality of Day Supplement 3.6 ± 0.13 3.5 ± 0.10 3.7 ± 0.14 Placebo 3.5 ± 0.13 3.5 ± 0.14 3.7 ± 0.09
Values are mean ± SE. Note: Data were collected every day during the entire 6 week period. The average values for each week were used in the data analysis and are presented above. During weeks 3 and 4, subjects did not ingest any supplement or placebo capsules. No differences of statistical significance were noted for either variable (p > 0.05).
With regards to biochemical markers, no condition by time interactions were noted (p > 0.05) and data are shown in Table 6 
Discussion
To our knowledge, the present study was the first controlled evaluation of Rosemary (Rosmarinus officinalis) and Daylily (Hemerocallis fulva) in relation to sleep quality and associated variables in men and women with self-reported difficulty sleeping. Although no findings of statistical significant were noted for sleep quality and no condition x time interaction effects were noted for any outcome measure, certain subjective measures appeared to be improved for subjects assigned to the supplement condition-in particular while ingesting two capsules per day. While some positive changes were noted in these variables for subjects assigned to the placebo condition, in some cases no improvements were noted, and in others, values actually were worse following placebo treatment as compared to before. Indeed, subjective measures vary considerably from one subject to the next, with some noting major improvements and other noting little to no change in some measures. The clinical significance and practical relevance of these improvements is presently unknown but deserves attention in future work involving a larger subject sample and perhaps a longer time course of treatment.
Aside from the above, both subjective numeric data and the open ended comments provided by subjects were similar between supplement and placebo groups. When Table 6 . Biochemical markers of men and women assigned to a supplement (containing Rosemary and Daylily) or a placebo. Values are mean ± SE; n = 13 for placebo group and n = 14 for supplement group. **With two capsules of the supplement, BDNF, irisin, and melatonin levels were all higher from pre-to post-treatment (p < 0.05). No other differences of statistical significance were noted for any variable (p > 0.05).
viewing the supplement results exclusively, it was apparent for many variables that improvements were noted. For example, both "getting to sleep" and "quality of sleep"
values for the Leeds questionnaire improved by 20% with the supplement condition (from week 4 to week 6, while using two capsules per day; Table 4 ). However, similar percent improvements were noted for the placebo condition. Likewise, open ended comments for subjects in the supplement condition were positive with regards to their sleep quality (comments not shown). However, in a similar manner as for the Leeds questionnaire, comments were also positive for the placebo group. Interestingly, one subject assigned to the placebo condition stated that two capsules per day provided too strong of an effect. We are uncertain as to what, if any relationship exists between these comments and the biochemical data, as subjective comments were similar for subjects in both conditions. More careful analysis done in future work, inclusive of a larger sample of subjects is needed to more clearly delineate the association between biochemical measures and subjective comments provided by subjects.
Considering the above, it was apparent viewing the data that a placebo effect may have existed for some outcomes. The placebo effect is well-described [19] - [21] and continues to pose problems for investigators who choose to use a placebo controlled design with attempts to find statistical significance between active and placebo conditions. In an investigation focused on the effectiveness of another dietary supple-ment proposed to impact sleep (Humulus lupulus), variables were noted to improve similarly with both the placebo and supplement condition [22] , much like in the present design. Another study compared dextromethorphan, diphenhydramine, and a placebo evaluated sleep quality in children. It was found that all three groups demonstrated significant improvements without any differences noted between them [23] . Rosemary has previously been shown to act in a similar biological manner to fluoxetine when ingested. Fluoxetine itself was previously examined, comparing it to a placebo and the results showed that the placebo exhibited similar neurological changes to fluoxetine in nine of a possible thirteen brain regions [24] . Clearly, this issue of a placebo effect may, if present in the present study, have impaired our ability to statistically note differences between conditions for sleep-related measures.
Aside from the sleep-related outcomes, the supplement promoted a small (~3%) reduction in blood pressure ( Table 2 ). This may be linked to the sedative effects of the supplement, as subjective comments also included a 16% decrease in feeling depressed.
Longer-term treatment with the supplement may be warranted for purposes of determining the potential impact of this agent on both blood pressure regulation and alleviating symptoms of depression.
Related to our subjective mood data, biochemical variables were noted to be impacted by the supplement (Table 6 ). Most notably, BDNF was increased by appro-ximately 27% with treatment of two capsules per day of the supplement. Interestingly, this percent increase is similar to what has been noted for acute strenuous exercise [25] and we are unaware of other dietary supplements that have been shown to result in a measurable increase in BDNF. Brain-derived neurotrophic factor, a member of neurotrophin family, exists in the brain, as well as in other tissue such as skeletal muscle. It plays a central role in mood disorders [26] and is associated with improved cognitive performance [27] and alertness [28] . The significant increase in BDNF with treatment of the supplement may provide mechanistic evidence for the improvement in our subjective measures of mood, such as alertness, focus, and enthusiasm.
In addition to the increase in BDNF, we noted an increase in plasma irisin, a novel myokine, which has been involved in the pathogenesis of type 2 diabetes, metabolic syndrome, and metabolic health in general. Acute exercise appears to elevate irisin and the response may be mode dependent [29] . While the present study did not seek to measure outcomes related to metabolic health and associated irisin levels, this may be the focus of future work involving the combination treatment of Rosemary and Daylily.
Although the overall increase in Irsin did not appear robust, the effect size was quite large (d = 1.36) and this measure may be worth investigating in future studies. Finally, both ACH and melatonin levels were elevated slightly with supplementation; however, only melatonin was increased in a statistically significant manner (p < 0.05), while a trend was noted for ACH (p = 0.058). We are uncertain of the direct impact of these changes on health outcomes of our subjects. However, increases in these measures may help to explain our findings for improved mood and associated variables. Finally, as other neurotransmitters may be influenced by the botanical agent, future studies may seek to include variables aside from those included in the present study (e.g. GABA,
5-hydroxytryptophan).
We need to acknowledge some limitations of this work related to the sleep assess-ment. First, subjects did not record sleep duration or naptime throughout the course of the study. Second, while we believe that use of the Leeds Questionnaire coupled with the sleep diary was appropriate, future studies may consider using a more detailed sleep diary, documenting the onset of sleep, number of awakenings, number of hours slept, and naps taken throughout the day. Specifically, future work might use the Consensus Sleep Diary, which may be viewed as the gold standard for insomnia research. Our failure to do so in the present study may be considered a limitation of this work.
Conclusion
CLOCK®, a novel plant-based dietary supplement, may improve some measures of mood, perceived energy, and associated variables in men and women with self-reported difficulty sleeping. The supplement also results in an increase in the biochemical measures ACH, BDNF, irisin, and melatonin. Related to the biochemical findings, this is the first study that we are aware of to report such a significant increase in BDNF with treatment, as well as an increase in irisin. The interplay between sleep quality and quantity, mood and perceived energy level, and cognitive function has been previously described [30] - [32] . Additional work focused on the mechanisms of effect of the botanical agent to improve measures of sleep quality, mood, and cognitive health may be warranted. These effects may warrant further investigation, possibly extending the time frame of treatment and including a cross-over design, in an attempt to decrease subject variability by having each individual serve as their own control. Finally, due to the potential influence of dietary intake on sleep quality and related variables, greater care may be taken to control dietary intake, in particular caffeine intake.
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